GA0689—08012

HAFETIAM
2o| 2|yt MEQIXIE o|3st
St SESTEAAH T

Development of Quality Measurement System Based on
the Factors of Appearance and Component for Rice



GA0689—08012

HAFETIAM
2o| 2|yt MEQIXIE o|3st
St SESTEAAH T

Development of Quality Measurement System Based on
the Factors of Appearance and Component for Rice



TH

i

<]
lze)
Alr
!

X
B

E & 9

H 1A

7 wpA| e

=S

1

ol

i

HAZH IR A

24

49

2008

ioH

No

B

®

| 4] o} o]

A

of 7] o

1

£

N



A

CRET

A7ALY) 29 % BaK

II.

&

_Zrl

tod =upe] A

S

Al 28-S Tl

AL Wg % E
7w 87, FYE, M=

II.

i

7]

A FASE FRAAEAE)

=

Ea

&

O Machine visione ©|-&

O NIRE o]

29 7]

=34

o] &% T F2

L= o)
RUR=1

. &9 oY A

3H(2zahd )

7} 2 H9b

3

¥

71 4

ﬁo

JJo

£ °

O NIR AlA]



1S

o
;o.._

}

V. a7/ 23 4 &8 o

1. CCD7}va}

S AFste] 4EF Wl o

< HEl
— 1 =

Al

el

%

0.947=

P
T

kel AAA

Z

I

o

h S

74

_Zrl

}ol CCDZ})

S

&

=13
=

=0l weEkA, 7

&

N

bt

S

2 AAJNARE ALEo] 7HF

=
T

NESCE

2. CCD7MMIE), 3%

el

B

O

i:’
N
e

~
o

=K

—_
fife)

ofy

N

P
T

s

=
==

1:111_

0.9760.2 A

ol
=~

0.975

2}2}

= -
T

g

|

A

o=

Z

CE Y, AEkr))e] 71skskA 4

Egi2 d 7}

A A 83

[e)
d=

T
<X

=
=

S At o

el

Al2~¥lS CCD7HH e,

Fo A, Azt

g
5

s

iy
wm

o)

gl
o

REAR, ALY o7 74

o] JAHF o]~ T

o

o]

jgase)

AE 1.4%, AeH7)

1 0.9%, 9<% 0.07%2A

3

b

0.7%, ¥

34

i=]
s

0.8%,



ﬂ
file)
ilin
=\n
el
TH
il
B

1 siskel 4

S

BS54

puze)

A

6. 2o

=
=

7} 0.7242 4 1]

Al

gl 0,910, ofEdE 2 0.927, 54E 0.850, A

A

]l
7k Aol

s

Ar

—

1,

slofef

4 5

HEdEE AR

=i
=

H

gHom Aol

=
[}

{14

—_
110

el

oo

=
T

wl
=

}o] Spectrometer

S

ALy

- A2l

= A4

7] 7]

#1271

TR

o171 =}

E3)] 200949

Z

shtet.

iy

Kol
=

Rk 71Nk =

)

32 9

RPC &

-
1

ol B3 Ao



SUMMARY

I. Title

Development of Quality Measurement System Based on the Factors of

Appearance and Component for Rice

II. Objectives and significance of the research

The purpose of the study is to set up the system of measuring the
quality of rice produced in Korea, integrating rice appearance factors
and component factors, through the development of the technology,
which can be used for the quick and objective measurement of rice
appearance, components and the main rice quality factors, such as
gloss, transmittance, whiteness, to secure the infrastructure for the
production and distribution of high quality rice grown in Korea, and to

contribute to improving customer’s trust in Korean rice.

IMT. Contents and scope

A. Development of gloss, transmittance, whiteness measurement
technology and appearance, component characteries of rice

O Development of gloss, transmittance, whiteness measurement
technology

O Development of pilot scale system using Machine vision with
appearance of rice

O Development of pilot scale system using spectrometer with

component of rice



B. Development of quality measurement system based on the

factors of appearance and component for rice

O Performance evaluation and complement of pilot scale system
using Machine vision with appearance of rice

(O Performance evaluation and complement of pilot scale system
using Machine vision with appearance of rice

O Development of quality measurement system based on the factors

of appearance and component for rice

IV. Results and suggestions

1. In the study, the system of measuring rice whiteness, composed of
CCD camera was set up and the correlations between the whiteness
and color system about the kinds of rough rice was examined and
the appropriate whiteness model was developed. The determination
coefficient between predicted value and measured value based on
the model was 0.947, which was considered to be acceptable level.
Therefore, it was possible to measure the whiteness in the machine
vision system with CCD cameras, and based on the whiteness
developed, the whiteness could be used as one of the main factors

for the design of quality measurement system.

2. The system of measuring the rice transmittance and gloss,
composed of the 3 kinds of illumination by CCD cameras, was set
up, and each model was developed by applying the 1image
processing using the standard measurement of transmittance and
gloss. The determination coefficient between the measured values
and predicted values for the transmittance and gloss was 0.975

and 0.976 in each item, which was considered as acceptable level.



In order to distinguish the factors of rice appearance quality
through the image processing, first the 3 kinds of brown rice and
milled rice were analyzed for the examination of geometric and
color—specific quality, and then the possibility of distinguishing the
quality difference of rice was proposed based on the findings. In
addition, the indicator of weight conversion was suggested using

the weight specialty, depending on each appearance specialty.

The measurement system, which could distinguish the factors of
rice appearance quality, was formed, designed and manufactured
with CCD cameras, illuminations equipments, sample measuring part
and image processing part. The operation of the system was

developed as Windows—based interface.

. The average distinguishing error rate of the rice appearance quality
measurement system developed was 1.4% in whole rice, 0.8% in
broken rice, 0.7% in immature rice, 0.9% in damagedrice, and
0.07% in colored rice respectively. And the average error rate
was 1.23%, which was deemed as appropriate level,compared with

0.2% of distinguishing error rate among the examiners.

. In order to measure the components of rice, NIR spectrum by the
component was acquired and an appropriate band rangewas selected,
and the system of measuring the factors of components based on
spectrometer was designed and manufactured. The determination
coefficient of the component factor measurement system produced
was 0.910 in protein, 0.927 in amylase, 0.850 in moisture content,
and 0.724 in fat acidity, which was thought as relatively

satisfactory level.

. The comprehensive quality measurement system was designed and



manufactured into the related equipments part and moving machine
& equipment part to satisfy the requirement that it could measure
the appearance factors and component factors in the same system,
arrange the rice in the kernel or bulk state, and meet collectively

the needs of control system.

. The system was designed and produced on the consideration from
the study about the system of measuring whiteness, gloss and
transmittance, appearance factor measurement system, and
component factor measurement system. In other word, the
illumination was considered and selected with the ones from the
appropriate illumination selection test and the test for appearance
information acquirement, and the spectrometer and its peripherals
were designed and manufactured, based on the consideration of the
band range by each performance factor in the component factor

verification.

. In the study, the base technology for the commercialization of the
system was developed for the comprehensive measurement of rice
quality where the appearance factors were processed using image
treatment technology, and the component factors was processed in
the system using NIR. For the technology, the compensated
transfer of the technology was agreed with the participant
company, and the system will be further developed through the
continuous technical support, and is planned to be supplied to the
rice production site like RPC in 2009.
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3) o] ZepA| 283} Wz ol o] Ayt

o] Zhdbe] o3k uES H EARY Ve WEoln, HgXoR
RGB, XYZ, Lab 59| ZeA|=do] o] &¥ = A% Ut s dF9
HEALR] 9= (reflective index)Z2A], €43+ darknessS 0C. & |4
ZES HYS w BAEE A7) (fume)d] FREAS 10002 sl 9lom,
Mo FARE 1986 = AEH L3 (CIE) 7} 9733k W&ol wat A
AE =k 4 (KS A0089) ol A E o] glth

7y ZrepA gl o] ZERl Al Abolol = the 21(KS A 0066, KS A 0067,
KS A 0089 &)l oAste] zghed 4 glow, Z} Zepdxprhe]l sk
Jain(1989) %! Yamashita(1993)¢] 2](3-1-1)~(3-1-13)5& °©]-&3}3A

_

X 0.4900.3100.200]| | R
Y | = [0.1770.8130.011[ [ G | oo, (3-1-1)
7 0.0000.0100.990| | B
o}7]4, X, Y, Z : CIE Primary colors
Y
_ 3 [ _ 11—
L—llﬁ[ Yo} 16 e, ( 3-1-2)
X Y
_ 3 [ 3/ 4 _1_
a 500[ X v L s (3-1-3)
Y 7
_ 3 [ £ 3 | Z _1_
b—200[ L — (3-1-4 )

oA7IM, X, V., Z, = XY,Z values for standard white



L+16 4
= 285 X () e —1-
Y= 255x( 116) (3-1-6)
a 3 |Y
= 255X (—— ) e —-1-
X 55 (500+ Yo) (3-1-7)
[y b
__ 3 £ Y N3 _1_
Z= 255X ( v 200) ............................................................. (3-1-8)
V= 049Y = 0.177X oo (3-1-9)
Z,= 0168327~ 0.0049Y] .oooeivoerereeeereeereeeeeee e (3-1-10)
B % (3-1-11)
- m .................................................................................
. 0.03001 5+ Y, ( 3-1-12 )
- W ....................................................................
R 0BG O X e (3-1-13 )
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¥ 3-1-2. 9%

2 ZepA] ~ue] ZelslAete]

EEER

=
Color Color Regression equation Determination
system factor whiteness = f(color factor) coefficient
y = —240.521 + 6.05811x
L ) 0.838
— 0.02987x
y = 36.53672 — 7.3723x
a 5 0.946
+ 0.82556x
Lab
y = 77.52984 — 4.11838x
b ) 0.947
+ 0.07138x
Hunter y = —89.568 + 12.4589x
) 9 0.936
whiteness |— 0.1458x
y = —215.8598 + 2.1625x
R ) 0.812
— 0.0157x
y = —96.2689 + 1.8547x
RGB G ) 0.915
— 0.0356x
y = —45.4987 + 2.3369x
B 5 0.919
— 0.0145x

y. whiteness

x: color factors



Whiteness

60
50
40
30
20 |
I ® Nampyong
L B Dongjin
10F O limi
L O Chuchung
0 i 1 1 L 1 1 1 1 1 1 L 1
58 60 62 64 66 68 70 72 74 76
L value
o9 3-1-6. & Wil Lgkvke] #HA

78



Whiteness

50

45

15 L

Nampyong
Dongjin
lImi
Chuchung

oome

0 1 2 3 4 5 6
a value

T 3-1-7. & WiEot aghyke] ¥



Whiteness

55

50

45

40

35

30

25

20

15 L

b value
a9 3—1-8. o] wixo} phkate] A

® Nampyong
o B Dongjin
O  llmi
[~ O Chuchung
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
8 10 12 14 16 18 20 22 24



2. FHE SA7I< M

7h & EHE

ol

M

fviel

K
o

)

FHE (B, transparency)

i/

i
b

rge]

X
)
file)

il

],

7}

bl ulo]

S

Aol

Ul

i

-

K

el
o

e
HH

o)
TR
__O#

NI

b &717F Hoju,

=
FHE

T

ksl
pu

1 AA

o

]

AT wEkA, 2o

A

el

s
7

)7} = o
s} = o]

p=S

o

A

1

Ay

A3HISO 13468, ASTM D 1003, JIS K7361
=] (Turbidimeter =+ Hazemeter)®= X

Haze(EZ¥H %E)9]

ox

™

—_
fi’e)

O

_Zrl

700nmA Holl A T2

Fod EA o

U 3l NIRS 9]

°©

1

171 ¢

el

°©

7
°o]&

=

=

=

=
=

=

ted CCD7}w) 2}

°©

B
kil

st mebd, o) Ry

S

1

=
8

)
=

Hol

al

g

U AdRZA



A=

AE=Z 2770
1] (NDH-5000,

i+

e

ol

bol obz1

H71 $18

=
=

B

P

file)

ojo

i

)

,.EO

o]

—_
file]
O

Alr

Nippon Denshoku, Japan)& Al

0.09~107 F==0°]3it}.

-
T

_(H

=2
=

boleh olu) b

Q

[€)

|

(o]

o
O

iy

o
e
v
‘.mo

o
2!

]

S
A

1A
JFrye= =, o &

S

SHAl "vk. g aatel o8

S

3

=i}
=~

}

g2

o

o e} o] F& samples F3
o

|=
-

2

Sample

bol gzl d 44

A =, ol

I<]

Al

o]
H

18 3—-1-9¢F #A) 1

Light source

-

7 el

Z]



i 3-1-3. FHE=R(AR)Y FHE SHA
Total Diffusion Parallel
Transmittance Transmittance Transmittance

1 106.87 0.00 107.02
2 99.83 0.09 99.74
3 93.70 0.35 93.24
4 93.22 90.47 2.75
5 66.23 65.10 1.13
6 45.46 44.76 0.70
7 29.65 29.26 0.39
8 16.45 16.23 0.22
9 10.73 10.59 0.14
10 106.82 0.11 106.71
11 99.75 0.51 99.24
12 93.64 0.72 92.91
13 83.78 82.14 1.64
14 51.10 50.31 0.79
15 31.43 30.95 0.48
16 29.85 29.45 0.40
17 15.66 15.45 0.21
18 9.62 9.49 0.13
19 106.99 0.13 106.86
20 99.88 0.61 99.27
21 93.62 1.00 92.62
22 75.80 74.42 1.38
23 40.38 39.75 0.63
24 21.16 20.83 0.32
25 29.81 29.41 0.40
26 13.42 13.24 0.18
27 6.80 6.71 0.09
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1) GAA] A AL o] &3}

EIHE(EEO whe JdAe A 2Ee] RGB ZEA 28] wlE 4
(3-1-1)3 o] W7} s/845s Ry Afden Frles Ao
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o71M, vV i Transmittance (%)
z - RGB Color system

b, a : Parameters

E 3-1-4. G4A 299 RGBOl mE A(3-1-De] 45 2 2975
Parameters Determination
Color system .
a b coefficient
R 5.9029 0.0131 0.975
G 5.4616 0.0123 0.932
B 5.2758 0.0125 0.930
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W} ~fEe] FHES o83 PLS mde] AN @ AFARE: o

\
o] % 3-1-59 Zrh 94 2FEH FFEoA 400~2500nm]

= A

g ool A PLS 41& ¢ A7 & AJudAE eI
A9 49l 1100~2200nmell & ARATE 0.998 F& AHa

2 Jehggdeh 400~1100nmet 7HAl#HA g 9del 400 ~800nmol A1 9] AA

g
4
y
o
b4

o}
AFs T WA YEREAR 0.96~0.98 H9E HlaLA v

=
T2 3-1-14~3-1-16). we}x], 7IA GG HolA HEHo=z FdY
T FAHo] 7ted Ao FtE T
¥ 3—-1-5. PLS =do] 7jt gl H3 Ay}

Detector| Wavelength Calibration(n = 41) Prediction(n = 40)
ranges (nm) PC R? SEC R? SEP
VIS 400~800 4 0.96 7.25 0.97 6.65
VIS/NIR| 400~1100 3 0.98 5.61 0.98 5.27
VIS/NIR| 400~2500 4 0.99 2.91 0.99 2.69
NIR 1100~1700 3 0.96 7.31 0.96 7.42
NIR 1100~2200 7 0.99 3.01 0.99 2.71

SEC : Standard error of validation

SEP : Standard error of prediction
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3 3-1-6. 53] Zupa| =g B 7l A g AXAS
Color system| Degree(TC) Model DeterrrTir?ation

coefficient

20 Y= 0.000005exp(0.674x) 0.954

R 60 Y= 0.0048exp(0.429x) 0.959

80 Y= 0.0045exp(0.459z ) 0.963

20 Y= 0.00005exp(0.513x) 0.969

G 60 Y= 0.002exp(0.3262 ) 0.972

80 Y= 0.002exp(0.348z ) 0.973

20 Y= 0.00007exp(0.542x) 0.973

B 60 Y= 0.0025exp(0.3452) 0.975

80 Y= 0.0027exp(0.368) 0.976
X 3-1-7. = ‘%}6‘}( ol Ha)olM e AeA g B Z4RE AYPR

Color system| Degree(TC) Model DeterrrTir?ation
coefficient
20 Y= 322.88exp(— 0.739x) 0.892
R 60 Y= 430.49exp(— 0.470x) 0.894
80 Y = 875.22exp (— 0.500x) 0.890
20 Y= 179.49exp(— 0.653z) 0.870
G 60 Y= 176.68exp(—0.4162) 0.872
80 Y= 338.69exp(— 0.442x) 0.867
20 Y= 55.40exp(—0.641z) 0.863
B 60 Y= 40.25exp(— 0.408z) 0.865
80 Y= 264.37exp(— 0.433x) 0.858




o] Hu)olAe] ZepAlsY % Z4Ew PR

Color system| Degree(TC) Model Deterrrﬁrgtion
coefficient
20 Y= 50.359exp(—0.198z) 0.893
R 60 Y'=133.04exp(0.127x) 0.902
80 Y=252.21exp(—0.135x) 0.903
20 Y= 34.38exp(—0.164z) 0.890
G 60 Y= 104.24exp(— 0.105x) 0.898
80 Y=194.35exp(—0.112x) 0.899
20 Y= 34.59exp(—0.164z) 0.894
B 60 Y= 104.61exp(—0.105x) 0.903
80 Y=195.05exp(—0.112x) 0.903

5 2 Bt FAA YA Bk Br|= ek FE
of &g A9 A" r 543 HASAE deo ¥
3—-1-18~3-1-233 o] YJeyit}.
oM Zt:= 20, 60 2 80CA AAAFE

= 0
& zolglon], ZErt FA5E AYAFE Fobyo

0.97424 W= b

U megk EEeldnh. gzl A Zhm 20, 60 2 80Tl ARAS
= 0.897, 0.902 Z 0.8860.8A EE=xdo|A RuE AAAFI thi
orony ZheH e Aol FEls X] o okt
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y = 0.9844x + 0.079
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Bl FASE AAstd dAvdEE A, dAve] FFe Arstd
TooE ool Wt ThesA "Hd. S FAA(LY, Palea)¥t
oA (W, Lemma)2 FAEe] slom, FFE F7A7F 16~20%,
Fe (AN B2l 4~T%, Wob7b 1.5~2.5%0°]aL, (v
]

|

QAo @ule vobrl ANstn Qe FAE W' s, wel
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7= #(Rudimentary glume)

72 (Radicle)
72 (Plumule)
Hil OH(Emb
FH(Coleoptile) ol (Embrvo)

il YH(Scutellum)

21 2 (Palea)

2|t (Epicarp)

S04 (Mesocarp) DH1 (Pericarp)

2M3ZE (Cross layer)

Hil 7 (8 & &, Endosperm)

WS {Lemma) 2|9F (Palea)
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AA () | ] g A5 | S=5(m) | =2 (mm)
A9 11.90° 1.69° 1.17° 4,93 2.93¢ 12.87°
nZd | 10.45° 1.79¢ 1.21% 4,73 2.68" 12.19°
x| 10.49° 1.80¢ 1.21% 4.77° 2.68 12.22°
A 9.55% 1.85° 1.23% 4.60° 2.53° 11.74°
= 10.16° 1.86¢ 1.244 4.77° 2.61¢ 12.11%
il 1= 9.78¢ 1.87¢ 1.37° 4,73 2.63% 11.96%
vlsiel
i H_H 9.40° 1.96° 1.27° 471" 2.49" 11.81%
(713)
i
R 9.08" 2.19° 1.66° 4.94° 2.39° 11.96%
(42)
i
6.66° 1.22f 1.17° 3.28¢ 2.71° 9.28"
(A2}71)
abc rowWol A & alphabete 7S 59
L L AlZ 7} p=0.05, 0.01, 0.0015<=oA F A =Zfo]7} S



WA (mf) | A=A ) ) cH=(mm) | =2 (mm
o I g = | gane| Foom | =Hmm
Y 12.00° 1.74" 1.19% 5.00°% 2.90°% 12.99%
nZa | 10.97° 1.75% 1.19% 4.81° 2.77° 12.43°
i A 9.58¢ 1.90" 1.24° 4.71° 2.49¢ 11.82¢
A 9.51¢ 1.84¢ 1.22" 4,581 2.524 11.69
g7 | 10.22° 1.86% 1.25° 4.77" 2.62° 12.15°
g3]g | 10.80° 1.79° 1.27° 4.83 2.77° 12.42°
vlsj| ¥
' 9.41¢ 1.93° 1.26° 4.68° 2.51¢ 11.78¢
(713)
vl&j| ¥
" 8.96° 2.00? 1.57° 4.7 2.514 11.60¢
(A=)
vl&f| ¥ ;
6.46 1.19* 1.16 3.18° 2.71° 9.11°
(A=)
abc rowWol A & alphabete 7S 59
SRR AlE7F p=0.05, 0.01, 0.001F=l A o)Al 2kl 7t A



¥ 3-2-6. %% @vle] s|aEy 54

WA (nr) | AR . } H=(mm) | =2 (nm
A 12.02° 1.75° 1.18° 5.00°% 2.91° 12.98°
<9 | 10.03° 1.82%¢ 1.29° 4.66° 2.61° 11.89¢
WAl | 10.03° 1.94° 1.27° 4.84° 2.564 12.15°
AT 9.07¢ 1.86° 1.25° 4.52¢ 2.46° 11.44°
=R 9.83° 1.78% 1.41° 4.67° 2.68° 11.81¢
gsid | 10.84° 1.78% 1.29¢ 4.85" 2.78" 12.42°
bk k2
i H_t' 9.63¢ 1.86° 1.27° 4.624 2.58¢ 11.80¢
(718)
bk 2
ik 7.38° 2.26° 2.01° 4.59% 2.20f 10.88
(H%)
33| ; ;
6.65 1.23 1.19° 3.28° 2.71° 9.27¢
(A7)
abc rowlol A 28 alphabetS & F£F9)
s, ok, Rk A&7} p=0.05, 0.01, 0.001FFol A F2] 2l 2Fo]7t AL



& 3-2-7. w9 Mo v)eshs 54
B B T e I I
A4 | 10.65° 1.63° 1.18° 4.72° 2.90% 12.12°
dEy | 5.95° 1.23¢ 1.16° 3.07° 2.53¢ 8.75¢
Jay | 8.93 1.78 1.33° 4.55" 2.62" 11.31°
A7) | 9.05" 1.73° 1.27° 4.50" 2.64° | 11.29°
abc rowWol A & alphabetS 2 =59
*,RE Rk A&7} p=0.05, 0.01, 0.001FF=A F9#21 2o]7}t S
3 3-2-8. g Wu)e] 7]EkEtA 54
‘?P—iimmz) %*‘?:?H] Q88 | 25" %—ijimm) %Eilimm)
444 | 10.79° 1.73° 1.21° 4.89° 2.83° 12.33
d&g | 6.09" 1.22° 1.16° 3.10° 2.59¢ 8.87"
gy | 9.20° 1.75% 1.32° 4.56" 2.69" 11.43"
M) | 8.89¢ 1.73 1.30° 4.47° 2.63° 11.20°
abc rowWol A #& alphabet2 2 F59Y
e A E7F p=0.05, 0.01, 0.0015FANA 241 2ol 7h &



T 3-2-9. 3% Wr)e] s|seH 54

R AR T FET Il R
249 | 10.82° 1.65° 1.18 47T 2.90° 12.23
a9 | 6.21° 1.24° 1.16° 3.15° 2.58° 8.95°
319 | 10.06° 1.70° 1.32° 4.66" 2.80" 11.84
A7) | 10.43° 1.64° 1.19° 4.69" 2.87° 12.00
abc rowWol A & alphabetS 2 =59
*,RE Rk A&7} p=0.05, 0.01, 0.001FF=A F9#21 2o]7}t S
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progressive scan color CCD
resolution : 640X480

Camera

matrox meteorZ2 mc
Frame grabber 2ch RGB

non—interaced signal input

white ultra brightness

N
ne FOV : @90

white ultra brightness
FOV : 50X50

Co—axial

[llumination

white ultra brightness
FOV : 50X50

Back

4ch
brightness control : 0~255

Controller

intel Pentium IV
Acquisition system 300GB HDD
1G RAM
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¥ 3-2-21. A= 2 HALQ Yo o3k SoF H Hlu(FHn])
H A4 H (%)
T AH(%)
Al sy | Iy | 5EYH | E&H
A 2~ 69.8 30.2 15.6 10.2 3.2 1.2
- 9h 66.8 33.2 19.4 9.4 3.4 1.0
2}o] 3.0 3.0 3.8 0.8 0.2 0.2

3E 3-2-22. Al=E B ARG Yol 9§k S9F ¥ Ha(EAATH A 5T
A EFH(%)
T (%) A2+71(%)
7 A | EAEE ] FaE | E&H
Al 2= E] 93.1 3.1 3.8 2.4 1.4 0
2t 93.8 3.4 2.8 2.0 0.8 0
2}o] 0.7 0.3 1.0 0.4 0.6 0
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2. A EFEHES o187 B AEIA 2E g

7h AE 2

] 9 wn] gEolze] AHNEHLS 37| Yale] 2 W EE
3970 ARE W AHm FPAATHE 3-3-1). W5 AFEE)
(Satake, Japan)® @i-3te] @AvE Axd F AAHHNE/I(ACS-12
A—Mecs, Korea)oll EAIA Alv], nv|<d, 3] 5]

He AAT 5+ A9 v ARz FA8IH.

kAT 6]’5152‘—‘ 10g S99 135°cﬂ 2o A] 24A13F xS 10g
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M.+ 135C Azl g &5 (%,w.b)

g AL Kjeldahl®, ofH 22~ Juliano(1971)9] &3k vjMH o g7 =
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A WA= A& 40g o]dS E3)7]1(1093, Tecater, Sweden) 2 +

< o] Aldl A F 10ge dEolxel B2 F gAHor VA T
A

ATk

8}1 soxhlet % Ax|oA €] pet. etherE ©] &3} &< (siphoning)
(38R 139 =4 H(30~60T)E =30 16X Bt F&35
S’it}.

-

F=H &9 FAPAEFHIVIE o8t AWAHAETS HS &
0.02% BAP (Benzene Alcohol Phenolphthalen) €9 50ml=Z A-&3)A71
T ZFAQ BEAe] & wrkA] 0.0178N KOHZ HA33ith fJolA <
oAzl AyE o]&ste] v 2o o] AAtE=E gHikekd T

_ (1-B)x10

oA7|A, F. A: fatacidity (mg KOH/100g)
T A& AR 0.0017TN KOH®] &%

B: 3XE AAA 0.0017TN KOHS 8.7

— 140 —



]

wA
Ho

3—3—1. NIR

-
It

]L — | —
%%%%%W%%%ﬂﬁﬁ%%%%%ﬂ%%
. N | o1 | K\ IS B | A A I T UM [ N |
jTu OT ZT ZT ﬂ 1# ZT =) 3 e} < ) < ) m .ZT ZT OT._ O fe) ZT ZT
mo | NE | R0 [ NE | R R o | =N R oA ol [N | e | R RO | %O
gr [T |0 | W ||| R TR |R|R| R ke (o | H | E TR AR
DR e A N e A e e e el e e B B
T ||| TR ||| || R e | ' TR | R R
W vl || w|lo|lo|~|lo|lolol=|la|lm|<|w|o|~]|wo|o
?2222222223333333333
%O
o | 2| | fo | o | | 7o | R | o o | Re R | e | | R E | E |
e | go | N | % | AR o o | oo | | S| of | B | T
TR T | W ||| ||| ||| E ||| R
| X | TR RN | RN ||| H R
S = = = = = el el el el el = ISl = el el = = =
fo | Mo | Mo | o | %o | o | o | o | o | o | R | o | TR | R | R | RO | R o | R0 | RO
il
Plelalolv|olo|le|lolals|zlae|zlele|s|2]2]]

- 141 -



¥ 3-3-2. FAA R A (o]t ) A
aw g Jopda | s o chly old R | g
(%) (%) | (%,w.b.) (%) (%) | (%,w.b.)
1 5.2 18.6 14.3 | 21 5.4 18.8 15.0
2 5.9 20.0 145 | 22 5.5 18.8 14.5
3 6.3 17.6 13.8 | 23 6.0 19.6 14.2
4 5.8 19.9 13.3 | 24 5.6 19.0 14.4
5 6.5 18.4 125 | 25 6.7 18.0 13.5
6 5.7 18.9 12.6 | 26 5.7 18.4 14.6
7 5.7 20.4 144 | 27 5.8 18.9 15.6
8 5.9 18.8 16.1 | 28 6.1 16.2 13.9
9 5.6 18.7 134 | 29 5.3 19.4 16.1
10 5.3 18.7 151 | 30 5.9 19.7 16.9
11 6.3 16.0 14.2 | 31 5.8 16.8 13.8
12 6.3 17.4 13.0 | 32 7.0 18.2 13.7
13 6.1 18.0 15.2 | 33 5.1 20.2 15.9
14 5.5 18.7 141 | 34 6.3 20.3 13.2
15 5.6 17.8 151 | 35 5.9 18.0 13.4
16 6.0 19.3 13.9 | 36 5.3 18.1 14.4
17 5.8 18.0 14.3 | 37 6.7 18.8 15.1
18 6.1 18.6 141 | 38 5.8 19.6 14.9
19 5.8 18.5 12.9 | 39 5.7 18.0 14.7
20 6.1 18.2 19.0
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NIR ~HEHS 53517] 93ke] NIR(Model6500, NIRSystems Inc,
USA)S o]&3dte] 7M1 B 2490 999 2¥9E" 400nm~
2500nme] IFHAolA 2nm FAo R WAl @ Fap AHAEZS A3
Fom, 400~1,100mmoll= SidlA, 1,100~2,400nmell = PhsAlAE A&

shth AlsAe 27 50mm, %;o] 11mm£’.i/ﬂ oF 12g9] A8 S 73}
E

Az mE AFAESS BA487] fste] AEEZ=E Q)
unscrambler(ver 7.0, Camo co., USA)Z t}%3]# &AW (Multiple linear
regression, MLR), H%Z A%< (Partial least square, PLS)ES ©]&3}
ATt FFEE FAE ~AEDN T et MEgs desta 9
He, 784 Ag 2 AAYEHS AAst A8 AS, wgH oA 5o
= AT

a8 3-3-12 AR 3970l tigh QA A EYS YERd Fold
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Absorbance (log(1/R))

1.6

00 1 1 1 1 1
400 800 1200 1600 2000 2400
Wavelength (nm)
% 3-3-1. FAAE(395) vy FFE A= EY
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Atk ZEABAA 92 400~800nmoll A2l AAAFE 0.8622 7MY WA
YEREA RE 400 ~1100nmollA 2] A4 A
whbA, 400~1100nmP Aol A HgH o=
= A

¥ 3-3-3. PLS 24| /i 9 HZ Ay

Detector| Wavelength Calibration(n = 19) Prediction(n = 19)
ranges | (nm) PC R SEC R SEP
VIS 400~800 5) 0.86 0.35 0.41 0.81
VIS/NIR| 400~1100 6 0.97 0.16 0.83 0.43
VIS/NIR| 400~2500 8 0.98 0.14 0.87 0.32
VIS/NIR|1100~1700 5) 0.92 0.27 0.86 0.39
VIS/NIR|1100~2200 4 0.91 0.28 0.87 0.34
VIS/NIR |1000~1300 3 0.9 0.3 0.89 0.35
VIS/NIR |1000~1400 3 0.91 0.29 0.88 0.37
VIS/NIR [1000~1500 5) 0.91 0.28 0.85 0.41
VIS/NIR|1100~1500 5) 0.92 0.27 0.83 0.44

SEC : Standard error of validation

SEP : Standard error of prediction
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2500nme] Au JHoA PLS 48 3 Ay we AAAAES yER

Ak 7HAEA Gl 400~800nm E 400~1100nmeF Fo| A= w9 o

A debwth Add gdm®at olyg 1100~1700, 1000~1300, 1000~
y2

|9=%= 0.992 W3 4=5=0] 3t}

¥ 3—-3—4. PLS 2] s 9 HZ Ay

Detector| Wavelength Calibration(n = 19) Prediction(n = 19)
ranges | (nm) PC R SEC R SEP
VIS 400~800 1 0.08 0.39 0.05 0.46
VIS/NIR| 400~1100 1 0.09 0.39 0.03 0.46
VIS/NIR| 400~2500 16 0.99 0.004 0.33 0.51
VIS/NIR|1100~1700 12 0.99 0.03 0.24 0.35
VIS/NIR|1100~2200 8 0.88 0.14 0.56 0.26
VIS/NIR |1000~1300 10 0.99 0.03 0.72 0.22
VIS/NIR [1000~1500 9 0.99 0.04 0.39 0.65
VIS/NIR |1100~1300 6 0.97 0.07 0.78 0.2
VIS/NIR |1100~1500 10 0.98 0.05 0.42 0.31
VIS/NIR |1200~1500 11 0.99 0.05 0.84 0.18

SEC : Standard error of validation
SEP : Standard error of prediction
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THEE o] 8T opdm 2o PLS Bde] A gl A
SANE a9 3E 3-3-59 #rh dA] 2FEF] FFEA 400~

93} 400~800nm E 400~1100nm3 A PLS &
e ARaAE YERdeh. 18y, 1000~1200nmed & o]
0.99% wi-¢- SHA ekt

¥ 3-3-5. PLS 24| 7 9@ AHZ A3

Detector| Wavelength Calibration(n = 19) Prediction(n = 19)
ranges | (nm) PC R? SEC R? SEP
VIS | 400~800 | 3 0.62 0.65 0.32 1.49
VIS/NIR| 400~1100 | 4 0.63 0.64 0.19 | 0.145
VIS/NIR| 400~2500 | 3 0.67 0.69 0.15 1.07
VIS/NIR|1100~1700| 10 0.99 0.15 0.61 0.65
VIS/NIR |1100~2200| 11 0.99 0.01 0.71 0.52
VIS/NIR|1100~2300| 10 0.98 0.16 0.56 0.67
VIS/NIR|1000~1200| 10 0.99 0.13 0.86 0.38
VIS/NIR|1000~1300| 6 0.94 0.25 0.64 0.6

SEC : Standard error of validation
SEP : Standard error of prediction
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Hab 2 ER Y] FARE o83 AMbrhe] PLS Edle] st 5 A

3 3-3-67 ATk Aabvhe g, wd, opde s

of wiel Aoz AQAGFrE A Hepgth 94 AHAER ] FFed
A7k 7V =A vebe .

lrel SHLAE Nl A vERts

= ol wEk 7Hg whEA Wske xR A

olel gk fAclell e AAAGTF i v A o2 dekE.

¥ 3-3—-6. PLS 24| 7 @ AHZ A

Detector| Wavelength Calibration(n = 19) Prediction(n = 19)
ranges | (nm) PC R SEC R? SEP
VIS | 400~800 | 2 0.30 8.95 0.24 9.79
VIS/NIR| 400~1100 | 2 0.31 8.94 0.22 8.45
VIS/NIR| 400~2500 | 3 0.35 8.99 0.3 9.37
VIS/NIR|1100~1700| 8 0.67 8.45 0.33 8.95
VIS/NIR |1100~2200| 7 0.67 8.31 0.43 8.82
VIS/NIR|1100~2300| 8 0.66 8.46 0.28 8.97
VIS/NIR|1000~1200| 8 0.67 8.43 0.58 8.68
VIS/NIR|1000~1300| 7 0.62 8.55 0.36 8.90

SEC : Standard error of validation
SEP : Standard error of prediction
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. Ax" AA - A% L AS
1) AA 5 A=

=
of FHFS dgHer xdo] JhestesE HAAlE o, ofwf HFh
400~2500nm= 3} ).

B fiber= 4 de] WY AolES dlen, AAERMEE a7
=9 ZA3E EYE Ocean OpticsAHUSA)S] 400~1100nm % 900~
1700nm W< O 2 integration time % averaging 3|4 FAo] 7}Edta
3| AR} (grating) FA o2 AASATH(1H 3-3—-4 F 3-3-5).

Aaarel A SA47)F BRE ofy gt o]& FA ] f1% 2=
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a9 3-3-2. SRV AAE

9 3-3-3. 29 ERZYE AN A=
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9 3-3-5. 3% Fiber ¥ %41
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NIF; Model Generator Ver, 1.0

p——— CERED] 3  AHEH HOH FEELE | SHAR
2 il g, L
HOIE DRIMEr Ml | Callrafion® ME el 0 <=z © EHE ZDU0IE
I Tl e © TAE FUIHE
us ze = Factor %20 a P —

0 20 40 60 80 100 120 140 180 180 200 220 240 260 230 300 320 340 360 380 400 420 440 460 480 500

NIR Model Validator Ver. 1.0

suEe TR 9 | 29 aEVAGon | Rouine fralvsis © SpectumDals  © Spectum Graph  © Validetion 22t =)
EErE =i | g [ A& AmEe wis | T U= [ExHE S | HaE I
T UE N i WEast TooDa, 10 <= 501 FLSR FAITE]
S SHE" H=in2 | DiBast TestDa . 100 [Smoothing 31 PLSR 2000
z Gast TosDs, 100 [Smonthing 3] [Derivative 3] FLSH 20004
] i ] B Tt}

moothing
ih

Targel _|modell |1 =nzE =
104110an GIETERD EREGiE e
10616000 10202143 —

10,497000/ 10, 443761 Vo8 Toget
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10644000 10700707 Wi modeld

10.772000/ 10 488829 ¥ modell
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10,762000 10734272 ¥ % model2

10.763000/ 11052541 ¥ medel?

10.814000 10806622
10.631000 10648121
10,573000 10777051
10,767000 10,973447
10.837000 106R4633
1095000 10,945821
10.957000 10,928300
11,520000 10,948205
11.203000] 10,966903
11.368000 11.673388
11,446000 11, 375667
11,380000 11,607123
11.263000, 11,420813;
11.449000 11.544247
11,456000 11,666346

<
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2) AzElel 4

910, 0.927 2
0.724 Fwo2 YEIST(3E 3-3-8). AA7He A9 g, 9,

o AL Hl:ql
4 =) e ddeln, w3, F5E, 71w Fol wet 13 we
A WskE QAR o Ao s AFALIE i R Ao W
gtk mebd, RS F& FE dnsta, Azt Wl (8~30mL
KOH/100g)& = b.) o8 ZAsle] H A
ol @astrin FrerE

# 3-3-8. e A 3 T Ay

Determination
Model o SEP
coefficient
Moisture content Y=1.66514+0.8811x 0.850 0.375
Protein Y=0.281140.9479x 0.910 0.125
Amylose Y=0.510740.9731x 0.927 0.282
Fat acidity Y=2.570340.8691x 0.724 1.122
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a9 3-4-11. A= Ao} B & AEH o]~
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w3

Hd = 3t Z+49

¥ 14.34 9.75 11.90 0.75
Rl 12.60 8.58 10.45 0.83

B A}H] 12.83 8.03 10.49 1.00
A 11.56 6.42 9.55 0.87
dEH 12.57 6.77 10.16 1.15

v 3 | 12.84 6.05 9.78 1.38
31 4(713%) 12.36 6.59 9.40 1.06
AP (H=x) 12.87 3.66 9.08 1.80
I3 g (#eH7]) 9.93 3.81 6.66 1.12
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4

o = 3t XA}
49 13.78 9.96 12.00 0.71
1)< 9 14.51 7.86 10.97 1.30
B A}H] 12.10 7.31 9.58 0.93
Ak 11.89 6.72 9.51 0.92
a9 12.91 6.06 10.22 1.29
v 3 | 13.95 7.22 10.80 1.38
s H(71) 12.23 6.87 9.41 1.05
AP (H=x) 13.22 3.38 8.96 2.03
I3 g (#eH7]) 10.71 3.71 6.46 1.12
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7%
H ol 2 3t FZAA}
49 14.73 9.45 12.02 1.02
H <y 13.19 0.05 10.03 1.82
AL 12.85 6.03 10.03 1.24
g AH] 11.62 5.89 9.07 1.15
dEH 13.34 0.22 9.83 1.92
v 3 | 13.50 5.51 10.84 1.39
s H(713) 13.14 6.22 9.63 1.38
g H(Hx) 12.56 0.53 7.38 2.19
Al g A=) 12.98 3.80 6.65 1.44
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g

Hd FH A 3t x+9

49 1.94 1.52 1.69 0.07

H <9 2.07 1.56 1.78 0.10
LLPARE) 2.50 1.57 1.80 0.13

g AHH] 2.47 1.55 1.85 0.13
A=Y 2.37 1.59 1.86 0.15
18 g 2.73 1.30 1.87 0.25
gd& 8 (7]19) 2.77 1.49 1.96 0.23
g (d=z) 3.43 1.54 2.19 0.31
g8 g (A7) 2.27 1.00 1.22 0.16
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4

o = 3t XA}
49 1.97 1.54 1.74 0.08
1)< 9 2.51 1.54 1.75 0.13
B A}H] 2.70 1.59 1.90 0.15
Ak 2.41 1.56 1.84 0.12
dEH 2.91 1.59 1.86 0.21
v 3 | 2.60 1.49 1.79 0.17
31 4(713%) 2.95 1.49 1.93 0.24
e 4 (A =x) 3.61 1.34 2.01 0.42
I3 g (#eH7]) 1.98 1.01 1.19 0.12
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7%
H ol =B 4t AR}
49 2.12 1.57 1.72 0.08
H <Y 3.18 1.49 1.82 0.18
YA} 2.90 1.61 1.94 0.19
g AH] 2.53 1.58 1.85 0.15
dEH 2.47 1.05 1.78 0.20
v 3 | 2.42 1.21 1.78 0.14
39 (713%) 2.93 1.50 1.86 0.24
e H (A=) 5.34 1.44 2.26 0.57
I3 H(#eH7]) 2.19 1.03 1.23 0.18
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=30 dn e oFliar (mm)
Hd FH A 3t x+9
49 5.55 4.49 4.93 0.18
H <9 5.42 4.14 4.73 0.20
ELPARS] 5.45 4.28 4.77 0.21
g AHH] 5.04 3.97 4.60 0.21
A=Y 5.30 4.23 4.77 0.22
18 g 5.42 3.89 4.73 0.26
gd& 8 (7]19) 5.44 3.92 4.71 0.23
s g (A x) 5.65 3.32 4.94 0.41
g8 g (A7) 4.87 2.45 3.28 0.39
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4

o = 3t XA}
49 5.41 4.40 5.00 0.18
1)< 9 5.31 4.10 4.81 0.24
B A}H] 5.53 4.07 4.71 0.23
Ak 5.34 4.10 4,58 0.22
dEH 5.69 4.13 4.77 0.25
v 3 | 5.42 3.99 4.83 0.25
s H(713) 5.63 3.97 4.68 0.29
e 4 (A =x) 6.00 2.86 4.72 0.46
vl | (#-2+7]) 5.07 2.14 3.18 0.37
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H ol =B 4t AR}
49 5.79 4.41 5.00 0.24
H <Y 5.30 0.25 4.66 0.59
YA} 5.57 3.95 4.84 0.24
g AH] 5.18 3.74 4.52 0.28
dEH 5.34 0.45 4.67 0.50
v 3 | 5.44 3.01 4.85 0.31
s H(713) 5.47 3.71 4.62 0.33
e H (A=) 5.74 1.02 4.59 0.71
I3 H(#eH7]) 6.11 2.53 3.28 0.46
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g

Hd FH A 3t x+9

49 3.21 2.51 2.93 0.12

H <9 3.14 2.32 2.68 0.15
ELPARS] 3.13 2.09 2.68 0.19

g AHH] 2.87 1.82 2.53 0.17
A=Y 2.98 1.97 2.61 0.20
18 g 3.09 1.83 2.63 0.25
A8 (7]18) 3.07 1.84 2.48 0.25
s g (A x) 3.03 1.53 2.39 0.26
g8 g (A7) 3.32 1.99 2.72 0.24
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4

o = 3t XA}
49 3.12 2.56 2.90 0.12
1)< 9 3.27 1.93 2.77 0.22
B A}H] 2.86 2.02 2.49 0.17
Ak 2.90 2.00 2.52 0.16
dEH 3.05 1.73 2.62 0.23
v 3 | 3.21 2.07 2.77 0.22
31 4(713%) 3.10 1.86 2.51 0.24
e 4 (A =x) 3.13 1.66 2.51 0.34
I3 g (#eH7]) 3.31 1.88 2.71 0.27
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7%
H ol =B 4t AR}
49 3.29 2.44 2.91 0.14
H <Y 3.24 0.10 2.61 0.37
YA} 2.95 1.76 2.55 0.22
g AH] 2.95 1.70 2.46 0.21
dEH 3.16 0.45 2.68 0.30
v 3 | 3.23 2.16 2.78 0.20
s H(713) 3.04 1.80 2.58 0.26
38 (4 x) 2.97 0.68 2.20 0.39
vl | (#-27]) 3.49 1.60 2.71 0.32
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